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Abstract 
A simple technique is described for measuring absolute and relative liquid density based 
on Archimedes principle.  The technique involves placing a container of the liquid under 
test on an electronic balance and suspending a probe (e.g. glass marble) attached to a 
length of line beneath the surface of the liquid. If the volume of the probe is known, the 
density of liquid is given by the difference between the balance reading before and after 
immersion of the probe divided by the volume of the probe.  A test showed that the 
density of room temperature water could be measured to an accuracy and precision of 
0.01 ± 0.1%. The probe technique was also used to measure the relative density of milk, 
Coca-Cola, fruit juice, olive oil and vinegar. 
 
Introduction 
A technique previously presented in this journal (Koenigs 1984, Hughes 2005) describes 
a simple, fast, accurate and precise method of measuring the volume of small objects (e.g. 
1-15 ml). This technique is based on the fact that an object suspended in a liquid 
displaces a volume of liquid equal to the volume of the object. When an object is 
suspended in a liquid filled container placed on a balance, the increase in apparent mass 
divided by the density of the liquid gives the volume of the suspended object.   
 
The main difference between this technique and more traditional methods of measuring 
volume is that the object is suspended in liquid such that the supporting line takes up the 
excess weight above buoyancy (assuming that the density of the suspended object is 
greater than the liquid density). The technique presented in this article is a variation on 
this technique. Instead of measuring an unknown volume using a liquid of known density, 
we measures an unknown density using a  probe of known volume.  
 
Density (ρ) is defined as mass (m) per unit volume (V): ρ = m V . The density of an 
object with accurately known dimensions can be readily calculated by weighing the 
object and dividing by the volume. In the case of a liquid this is more difficult. The 
difficulty lies in being able to dispense an accurately known volume of liquid into a 
container prior to weighing. One method of doing this is to pour the liquid into a 
measuring cylinder. However this method suffers from a number of inaccuracies. For 
example, liquid collects on the sides of the cylinder above the meniscus and the meniscus 
can be difficult to read, and the scale in most cases is not better than ± 0.5 ml. A more 
accurate technique is to use a small-volume syringe, and weigh the syringe before and 
after drawing up a known volume of liquid. However, there are of course errors 
associated with this method, e.g. it can be difficult to read the position of the plunger and 
remove liquid from the nozzle of the syringe. 
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The volume of an object immersed in a liquid of known density is given by 
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where VO is the volume of immersed object,V is the volume of immersed line, is the 
change in mass as recorded by the balance, 
L mΔρF is the density of the liquid that the object is 
immersed in andρA  = density of air (1.25 kg m-3). 
 
Rearranging the above equation to give the density: 
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In measuring density we don’t need to know the individual volume of the immersed 
object and supporting line so long as the object is suspended at a constant depth for each 
density measurement. Therefore we can treat the object and immersed line as a single 
object of volume V: 
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If we are interested in the density of a liquid relative to water, as is often the case, then 
we can write 
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The density of dry air is about 1.25 km m-3, i.e. about 800th the density of water. A 
calculation shows that neglecting the air density term ( ρA ) in the above equation results 
in an error of less than 0.1% even when the density of the liquid is 10× greater than the 
density of water. The air density term arises to compensate for the fact that when the 
probe is immersed, the liquid level in the beaker rises and therefore the air pressure at the 
surface of the liquid will be slightly less than before immersion. On the large scale, air 
pressure decreases with altitude. However, on the small scale, e.g. in an air conditioned 
room, there is unlikely to be a smooth decrease in pressure with altitude. For example, if 
air is blowing downwards from ceiling vents, air pressure will actually increase towards 
the ceiling. (This has to be the case as all fluids flow from a higher to lower pressure). 
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If we want to calculate absolute density for all practical purposes we can use ρF = Δm V  
and for measuring relative density: 
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Method 
Two experiments are described in this article. One experiment was performed to assess 
the accuracy and precision of the probe immersion technique for measuring liquid 
density, and a second to demonstrate measuring the relative density of a selection of 
common liquids. A Sartorious BP-210S analytical electronic balance was used (range 0-
210 g, precision 0.1 mg) and a PVC cylinder with a volume of 6.312 cm3 were used to 
measure the density of deionised/distilled water at 22.5 °C. (A movie of the PVC cylinder 
being lowered into a beaker of water is available from the online journal at 
www.iop.org/journals/physed). Ten measurements were made. The density of deionised 
water was also measured using a 1 ml syringe with 0.01 ml graduations. The syringe was 
emptied, refilled and weighed ten times. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 1. Probe (glass marble) suspended beneath the surface of a container of Coca-Cola placed on an 
electronic balance.  
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In the second part of the experiment, a length of monofilament fishing line 0.22 mm in 
diameter was attached to a glass marble of 24.96 ± 0.01 mm in diameter using a small 
amount of gel superglue.  The volume of the marble as measured using the immersion 
method was 7.67 ± 0.001 cm3. The marble was immersed twice in Coca-Cola (figure 1), 
milk, pine coconut fruit juice, balsamic vinegar, and olive oil. Throughout the 
experiment, the ambient temperature was 23.8 ± 0.2°C. 
 
Results 
The density of deionised water at 22.5 °C measured using the PVC probe was = 0.998 ± 
0.001 g cm-3 which is close to the accepted value of  0.997658 g cm-3 given in the CRC 
Handbook of Chemistry and Physics (2004-2005). The accuracy and precision of the 
density measurement expressed as a percentage of the absolute value is 0.01 ± 0.1%. The 
mean density of deionised water at 22.7 °C measured using the 1 ml syringe was 1.028 ± 
0.003 g cm-3. The relative density of some common liquids as measured using the marble 
is shown in table 1. 
 
Liquid Mean  
Water (1) 
Coca-Cola 1.11 
Milk 1.03 
Fruit Drink 1.047 
Vinegar 1.075 
Olive Oil 0.913 
 
 
 
 
Table 1. Relative density of five common liquids. (Note that the density of olive oil is slightly less than 
that of ice (0.916 g cm-3) therefore ice should sink in olive oil – an interesting experiment to try out). 
 
Discussion 
The results show that the PVC probe of known volume was able to measure the density 
of water to a much better accuracy and precision than the 1 ml syringe, and therefore is a 
suitable method for measuring absolute density. The second part of the experiment 
demonstrates that a marble on the end of a length of line is an efficient method of 
measuring relative density and is easily able to discriminate between liquids of similar 
but differing density. Probably no other technique can compete in terms of overall 
accuracy, precision, cost and simplicity. 
 
The experiment described here would be useful for teaching school students the concept 
of liquid density. If an electronic balance is available then this experiment can be carried 
out at virtually no cost; all that is needed is a glass marble, fishing line and glue. 
Practically any object denser than the liquid under test that does not absorb the liquid 
could be used as a probe, although a shape that does not easily trap bubbles should be 
chosen. 
 
There is a great deal of scope for extending the range of liquids tested, for example the 
relative densities of different types of milk, e.g. full cream low fat, etc, normal Coca-Cola 
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verses Diet Coca-Cola, Coca-Cola versus Pepsi, cooking oils, beer, wines and spirits 
(under close supervision in a class room setting). Students can be asked to think about 
why differences in liquid density occur. 
 
A 0.1 mg analytical balance was used to perform the experiments described in this paper. 
If a lower precision balance is available (e.g. 1 mg), the same level of accuracy and 
precision in measuring density could be achieved using a probe 10× the volume – i.e. just 
over twice the diameter. 
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